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Late 60’s and 70’s witnessed a major impetus in the 
planetary sciences research in the country, when lunar 
samples from Apollo and Luna missions were brought to 
India for analysis at Physical Research Laboratory, 
Ahmedabad. The current issue commences with an 
experience sharing article on this achievement by Prof. 
Devendra Lal, whose untiring efforts and dedication for 
science have been a source of inspiration for all of us. 
Since then, we have gone a long way towards exploring 
Moon using indigenous spacecraft and instruments. In 
this context, the issue presents an article on ‘Alpha 
Particle X-Ray Spectrometer’ (APXS), an approved 
payload for Chandrayaan-2 Rover , currently being 
developed at Physical Research Laboratory, Ahmedabad. 


From Earth’s Moon to Saturn’s Moon, unmanned 
explorers have provided unprecedented details about 
their geologic framework. The issue presents an article 
divulging known facts and unresolved issues about the 
‘Titan’, which holds 
extraterrestrial life, a longstanding quest for planetary 
scientists. It’s worth mentioning that the article has been 


exciting the possibility of 


written by a Ph.D. scholar from University of Arizona, 
who got inclined towards planetary sciences from the 
PLANEX workshop at NRSC, where she was a 
participant. 


Along with exciting news in planetary sciences, 
mandatory mission updates, an account on Stardust 
NExT mission, a mention of events related to planetary 
sciences and opportunities for students and researchers, 
the issue also features an introductory article on 
meteorites, the messengers from space which provide 
information about the early solar system and on 
‘EPMA’, a tool widely used their 


composition. 


to decipher 


Apart from these, the volume remembers Dr. Vainu 
Bappu (1927 — 1982), who has played a key role in the 
development of Astronomy in the country. A special 
section featuring list of recent publications from 
Chandrayaan -1 has also been provided for the benefit of 
the readers. 


Best Wishes 


Neeraj Srivastava 
(On behalf of Editorial Team) 
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Feedback about the inaugural issue from some 
of our readers 


“....contents (of the first issue of PLANEX Newsletter) 
are of high quality and this very first issue is impressive 
and edited very well. Congratulations to the editorial 
team for doing an excellent job. I hope that in 
subsequent issues also you will maintain the quality of 


the content and the publication quality....’ 


Prof. P. C. Agrawal 
TIFR, Mumbai 


‘...Congratulations for the effort which has turned out 
very well indeed! And keep it up...’ 


- Prof Ashok Ambastha 
Udaipur Solar Observatory ( PRL), Udaipur 


“....Lhe news letter is excellent and very informative. 
My hearty for the 
achievements 


congratulations fantastic 


- Prof U. B. Desai 
Director, IIT Hyderabad 


‘... (PLANEX Newsletter) is a good initiative. My 
congratulations to you and to your team members.....’ 


- Prof A. Jayaraman 
Director, NARL, Gadanki 
Program Director, SSO, ISRO HQ, Bangalore 


‘Thanks for sending me a copy of the inaugural issue of 
PLANEX which I thoroughly enjoyed reading. I was very 
impressed with the professional get up and the articles 
and the coverage of the objectives of the mission etc 


- Prof. B.V. Sreekantan 

Former Director, TIFR, Mumbai 
We welcome all comments, Kudos and criticism 
from the readers. Any suggestions to improve the 
upcoming highly 
Contributions from readers are encouraged. 


issues ate appreciated. 


NASA’s STEREO spacecraft maps the entire Sun 


NASA’s 
probes 

dimensional glory of the 
solar activity. The telescopes 


STEREO 
map a full 3 


twin 


are tuned for four 

wavelengths of extreme ultra 

violet radiation selected to 

trace the key aspects of solar 
activity such as flares and magnetic filaments. This 
would improve the space weather forecast for airlines, 
spacecrafts, power companies and many other clients. It 
will also provide clues to many fundamental puzzles 
underlying the solar activity. 


Source:http://www.nasa.gov/mission_pages/stereo/news/entire- 
sun.html 


The changing sands of Mars 


Sand dunes of northern Martian surface were thought to 
be frozen in time. But new data from HiRISE camera on 
NASA’s Mars Reconnaissance 
Orbiter(MRO) reveals that a 
seasonal layer of frozen dry 
ice changes directly back to 
the gaseous form in the spring 
and destabilizes Mars’ sand 
dunes causing avalanches and 
These 
changes occur as fast as within 
one Martian year, erasing the 


new surface features. 


scars of previous season and 
they are restricted to the higher 


latitudes. 


Image: Three images of the same location taken at 
different times on Mars show seasonal activity causing 
sand avalanches and ripple changes on a Martian 
dune.(Credit: NASA/JPL-Caltech/University of Arizona). 


Source: http://www.nasa.gov/mission_pages/MRO/Mews/mro201 
10203.html 


Kepler-11, A New Solar System 


2000 light years away from 
the Earth, there exists a 
sextuplet solar system. These 
6 newly found planets of 
varying mass revolve around 


star Kepler-11 causing 
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periodic dips in its brightness when observed from earth. 
Five out of six planets orbit closer to the star than 
Mercury does the Sun. Their masses range from 2-14 
times than that of the Earth. 

Image: Artist's conception of a simultaneous transit of 
three planets observed by NASA's Kepler spacecraft on 
Aug. 26, 2010. 


Source:http://www.nature.com/nature/journal/v470/n7332/full/na 
ture09760.html 


Possible Plate Tectonic activity on Mars 


Many ridges and scarps on the north and west of 
Olympus Mons are likely the signs of tectonic thrusting, 
says new research about the Red Planet. Images studied 
from Mars Odyssey and Mars Reconnaissance Orbiter 
show scarps, folds and terraces which are considered as 
classic evidences of plate tectonic activity. 


Source:http://www.space.com/9683-surface-mars-possibly- 
shaped-plate-tectonics.html 


Caves on Moon, potential sites for Human Habitability 


Chandrayaan-1 TMC and HySI data have revealed 
presence of uncollapsed lunar lava tubes or rille on the 
surface of the Moon. Such sites provide protection from 
impacting bodies, exposure to extreme temperatures, 
energetic particles, and radiation from solar and galactic 
origin and hence could be potential sites for future 
human habitation. 


Source: Current Science, Vol. 100, No. 4, 524-529, 2011. 
Secret of the spotless Sun 


Almost complete disappearance of sunspots during 
2008-2009 is explained by Dr. Dibyendu Nandy of 
IISER, Kolkata and his co-workers. Sun’s interior has a 
vast system of plasma currents called as ‘Meridional 
Flows’. These currents travel along the Sun’s surface and 
subside around the poles where the sunspots are 
amplified by Sun’s magnetic 
dynamo and surface again 
equator. This 
phenomenon contributes to 
the 11 year solar cycle. 
According to the model 
proposed, in late 1990s the 
great conveyor belt sped up 
and therefore the old sunspots did not fully get recharged 
in the re-amplification zone. Later in the year 2000, the 


near the 


conveyor belt slowed down again delaying the onset of 


the new solar cycle causing the deepest solar minimum 
of the century. 

Image: In this artistic cutaway view of the sun, the Great 
Conveyor Belt appears as a set of black loops connecting 
the stellar surface to the interior( Credit: Andrés Mujioz- 
Jaramillo of the Harvard CfA). 


Source:http://www.nature.com/nature/journal/v47 1/n7336/full/na 
ture09786.html 


Buried Carbon dioxide on Mars 


Disappearance of ancient Martian atmosphere has been a 
puzzle for scientists for a long time. But, mineral 
mapping instrument Compact Reconnaissance Imaging 
Spectrometer for Mars (CRISM) onboard Mars 
Reconnaissance Orbiter (MRO) has recently detected 
buried carbonate deposits in excavated crater floors. 
Observations in the high-resolution mode of CRISM 
showed spectral characteristics of calcium or iron 
carbonates in Huygens crater, a basin 467 km in 
diameter in the southern highlands of Mars. Carbonates 
formed elsewhere on Mars are rich in Magnesium and 
are inferred as formed due to the reaction of volcanic 
rocks with moisture but these comparatively diverse 
deposits containing Ca and Fe are predicted to be formed 
by atmospheric carbon dioxide reacting with ancient 
water bodies on Mars and therefore support the 
possibility of dramatic change in atmospheric density. 


Source:http://www.nasa.gov/mission_pages/MRO/news/mro201 
10308.html 


It’s raining Methane on Titan 


NASA’s Cassini spacecraft finds evidences of methane 
rain in equatorial deserts of Saturn’s largest moon Titan. 
Extensive rains from large cloud systems have darkened 
Titan’s equatorial regions as a result of wetting of the 
ground. These observations also show that the weather 
system of Titan’s thick atmosphere and the changes 
wrought on its surface are affected by the changing 
seasons. These observations suggest that recent weather 


on Titan is similar to that over the Earth's tropics. In 
tropical regions, the Earth receives its most direct 
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sunlight, creating a band of rising motion and rain clouds 
that encircle the planet. 


Image: Series of images from NASA's Cassini spacecraft 
shows changes on the surface of Saturn's moon Titan, as 
the transition to northern spring brings methane rains to 
the moon's equatorial latitudes( Credit: NASA/JPL/SS1). 


Source:http://www.nasa.gov/mission_pages/cassini/whycassini/ca 
ssini20110317.html 


50 Years completed since the First Human Space 
Mission 


2011 marks the completion of 50 years since the first 
human space flight made by Russian Yury Gagarin took 
place on April 12, 1961. 


Source: http://www.federalspace.ru/main.php?id=86&lang=en 


First results from Planck unveil wonders of the 
Universe 


The first scientific results from ESA’s Planck spacecraft 
mainly focused on the coldest objects in the Universe - 
both within our galaxy and also out to the most distant 
reaches of space - include an exciting variety of 
astronomical finds, from massive galaxy clusters to new, 
unidentified objects. 


Source:http://planck.cf.ac.uk/news/planck-unveils-wonders- 
universe 


Super fluid in Neutron Star's Core found 


NASA's Chandra X-ray Observatory has discovered the 
first direct evidence for a superfluid, a bizarre, friction- 
free state of matter, at the core of a neutron star. 
Superfluids created in laboratories on Earth exhibit 
remarkable properties, such as the ability to climb 
upward and _ escape 

airtight containers. The 

finding has important 

implications for 

understanding nuclear 

interactions in matter at 

the highest 
densities. 


known 


Image: Artist concept of a neutron star within supernova 


remnant Cassiopeia <A. Illustration (Credit: 


NASA/CXC/M. Weiss). 


Source:http://www.nasa.gov/centers/marshall/news/news/releases 
/2011/11-020.html 


A Brief History of Start of Research on 
Lunar Samples in India Brought to 


Earth by Astronauts, Beginning in 


1969 with the Apollo 11 Program 


One of the most remarkable achievements of American 
astronauts and scientists was to go to the Moon six times 
during 1969-1972 through Apollo 11 to Apollo 17 
missions. Each of these missions brought back several 
kilograms of rock and soil samples and provided a great 
deal of information about the processes in solar system. 
Their availability consequently provided a unique 
opportunity to scientists to compliment _ their 
understanding of solar system based on terrestrial 
systems and astrophysical observations. 


Moon is unique in a variety of ways. First of all, it has 
no atmosphere, and receives a great variety of radiations 
originating from the Sun and the galaxy due to 
supernova explosions. Secondly the lunar surface has 
limited volcanic activity. This contrasts with the 
situation on Earth which has abundant volcanic activity 
that melted and re-melted the earliest rocks of the Earth. 
Thirdly, 
different sizes are directly incident on the lunar surface 
and have an unimpeded trajectory in the absence of 


micrometeorites and meteoritic bodies of 


atmosphere. These impacts form ‘agglutinates’ and 
craters of different sizes on the lunar surface. The ages of 
different surfaces can be determined by the distribution 
of craters on the lunar surface and all these inform about 
the temporal information of moon. According to 
Professor Harold Urey, the single most exciting 
incentive to probe lunar surface was to find the oldest 
rock horizons which had not been re-molten by repeated 


volcanic activity. 


We at PRL proposed that we would look at the lunar 
surface and understand the effects of its exposure to all 
forms of radiations: solar thermal, solar wind, solar 
cosmic rays, galactic cosmic rays, and examine their 
relationships to the internal structure of meteorites of 
different kind. As an example, some of the so called gas- 
rich meteorites have regions which are rich in solar wind 
gases. Apparently these regions, before they were 
assembled as ‘gas-rich meteorites’, were irradiated with 
solar wind. 
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Fig. 1. Photo of 2 cm thick coarse layer near top of drill 
core sample 12028. NASA S69-23404 from Apollo 12. 
( Scale in cm.) 

(Credit: http://curator.jsc.nasa.gov/lunar/sc/12028.pdf) 

Our studies suggested that some of the lunar materials 
should have been irradiated with solar cosmic radiation. 
This was based on large excesses of certain radio- 
nuclides, such as '°Be, *°Al, *Mn. These were produced 
in-situ in lunar materials as a result of irradiation by 
Solar Cosmic Radiation (SCR) energetic protons and He- 
nuclei This offered an 
improvement in the information from Meteorites that are 
often found with records of SCR particles but loose most 


derived from Solar flares. 


of it however since during their transit through the 
atmosphere and associated ablation that leads to 
incomplete SCR record that could not be used to 
compute the SCR fluxes. 


The PRL group was amongst a few selected to receive 
lunar samples from the Apollo 11 mission. These were 
presented to us at a formal ceremony by US Ambassador 
to India, Mr. Keating. At PRL, we examined lunar 
samples from many perspectives and we found that the 
lunar regolith samples from different depths had 
prominently recorded irradiation by low energy SCR 


Fig. 2. Largest (> 1 cm) particles from soil sample 12057 
(from bottom of rock box) S69-60962 from Apollo 12. 
(Credit: http://curator.jsc.nasa.gov/lunar/sc/12057.pdf) 


Fig. 3. Six samples of Luna- 24 soil, sealed in a stainless 
steel box, were presented on March 3™ 1977 by Prof. 
Barsukov to Prof. Narendra Bhandari of the Physical 
Research Laboratory, Ahmedabad 


radiations. This was interpreted as being a result of 


vertical mixing of the lunar regolith caused by 
micrometeorites and larger meteorites. 


Using short-lived radioactivities (Be, 264] etc.), we 
deduced the composition of SCR radiation incident on a 
lunar rock. Considerable new information could be 
gleaned from these studies and are summarized in series 
of publications. This experience and our results qualified 
us to successfully request lunar samples from the 2™ 
lunar mission, the Apollo 12 lunar mission and we 
continued our lunar investigations until Apollo 17 lunar 
samples. In between, the Russians had made two 
successful unmanned missions bringing lunar regolith 
soil cores. The Russian Academy provided these samples 
and the results of these investigations were published by 
us in journals and in a special publication honoring the 
Luna missions. 


Devendra Lal 

Scripps Institution of Oceanography, 
UCSD 

La Jolla CA, 92093 


E-mail: dlal@ucsd.edu 
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Meteorites: Source of Precise Information 


about Early Solar System 


Most of us are familiar with the term ‘shooting star’, 
actually it is not a star shooting across the sky, but a 
small piece of solid object entering into the atmosphere 
called a meteoroid. During its entry, it heats up due to 
friction with atmosphere which results in ablation which 
can be seen as a brilliant flash of light. Some of these 
objects survive this fiery journey through atmosphere 
and reach to the ground. They are known as meteorites. 
On very rare occasions when an extremely bright meteor 
is observed, it is referred as a fireball. It is from these 
fireballs that most meteorites of recoverable size 
originate. 


Arrival of a meteorite is a random event. When a large 
fireball is observed, recovery of specimens is entirely 
dependent upon the accounts of observers who just 
happen to see the event. Meteorites recovered in this 
manner are termed as ‘falls’, indicating that the specimen 
was observed while falling. A large fraction of 
meteorites is recorded as ‘finds’, those specimens which 
were not observed by falling, but collected from field in 
search expeditions. 


Meteorites are messengers from space which help us 
decoding earliest history of solar system. Today most of 
the information we know about the early solar system 
processes, comes through laboratory studies of 
meteorites. These are left over materials which escape 
the planet formation and are almost unaltered since their 
formation at around 4.6 Ga (billion years) ago. This is 
possible because their parent bodies were not big enough 
to hold atmosphere, water (common weathering agents 
on terrestrial planets) and heat produced by decay of 
short lived nuclides and accretion energy in case of 
primitive undifferentiated meteorite parent body. 


Classification of Meteorites: Meteorites are broadly 
classified into two categories: Undifferentiated and 
Differentiated. Undifferentiated meteorites are also 
known as chondrites whereas achondrites, stony iron and 
irons are examples of differentiated meteorites. See Fig 1 
for recent classification scheme. Undifferentiated 
chondrites (see Fig. 2) are most primitive objects 
accreted very early from solar nebula and identified by 
presence of chondrules (mm to sub mm spherical 
igneous silicate balls). 


Undifferentiated 


Enstatite Chondrite (EC) 


EH 
EL 


Ordinary Chondrite 


H 

L 

LL 

R (Rumututite) 

K (Kakangari type) 


Car bonace ous Chondrite 


(Ivuna) 
(Mighei) 
(Vigar ano) 
(Renazzo) 
(Ornans) 
(Kar oonda) 
(Bencubbin) 
(High Iron) 
(Tagish Lake) 


BmanOn< Ee" 


a 


Fig. 1. Classification Scheme of Meteorites 


Meteorite 


Differentiated 


Achondrites 


HED 
SNC 
Lunar 
Aubrite 
Acapulcoite-Lodranite 
Ure ilite 
Angrite 
Brach inite 
Winonaite 


Irons (structural 


Hexahedrites (6% Ni) 
Octahe drites (6-17% Ni) 
Ataxite (high Ni content) 


Pallasites 
Mesosiderite 
Ataxite (high Ni content) 


The aim of meteorite classification is to group meteorites 
with similar properties such as chemical composition and 
mineralogy efc. into the one group. It is likely that 
meteorites from same group are originated from same (or 
similar) parent body(Ges). The name of classes are, in 
general, derived from first observed fall e.g., Shergottite 
is derived from Shergotty meteorite. Attempts have been 
made to identify the parent bodies of meteorites in the 
Asteroid belt. Based on similarity between reflectance 


chondrites. 
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and HED 
(Howardite-Eucrite-Diogenite) 
meteorites, it is believed that these 


spectrum of Vesta 


meteorites originated from _ this 
asteroid. In addition to chemical 
classification scheme shown in 
Fig.1, chondrites (OC & CC) are 
further subdivided into six 
petrologic classes to account for 
petrologic (or metamorphic) 
variations within primary chemical 
group. The degree of alteration by 
secondary processes such as 
thermal metamorphism and 
aqueous alteration on the parent 
asteroid is indicated by its 
petrologic type, which appears as a 
number (from 1 to 6) following the 
group name (e.g., an LL5 chondrite 
belongs to the LL group and has a 
petrologic type of 5). The 
petrologic-type scheme given by 
Van Schmus and Wood (1967), is 
really two separate schemes which 
are based on aqueous and thermal 
alterations e.g., types 1-2 indicate 


aqueous alteration whereas types 


3-6 describe thermal metamorphism where type 3 refers 
to least thermally processed and higher numbers 
indicates thermal metamorphism at higher temperature. 
In Fig 3, Pie charts indicating the types and numbers of 
meteorite in the US collection, as of March 2010 are 
given. It can be noticed that HED are most dominating 
group among achondritic meteorites whereas ordinary 
chondrites are most in numbers among undifferentiated 


Fig. 2. Examples of Different type of meteorites; from left to right:Carbonaceous chondrite (Allende), achondrite 
(Shergottite, EETA 79001) Iron meteorite (Sikhote-Alin), stony iron (Pallasite Esquel)). 


Achondrites (n=592} 
Meme, 


Fig. 3. Pie charts indicating the types and numbers of 
meteorite types in the US collection, as of March 2010. 

Pairing assessments have not been carried out for all 
samples 

(Source: http://curator.jsc.nasa.gov/antmet/statistics.cfm) 


Components of meteorites: Different types of 
meteorites can provide different information related to 
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early solar system processes. Chondrite parent bodies 
which were accreted directly from solar nebula have 
components such as Calcium Aluminium Rich 
Inclusions (CAIs), chondrules, matrix and presolar 
grains. CAIs are oxides of Ca, Al and Ti and condensed 
directly from hot gas of solar composition (Fig. 4). These 
phases are very refractory and highly depleted in volatile 
elements. Minerals identified in CAIs are the 
condensates of refractory oxides and predicted to be the 
first condensate by thermodynamic condensation 
calculations from the gas and dust of solar composition. 
Since this is the first solid formed in solar system, the 
age obtained on these phases is considered to be the age 
of Solar System. Study of these refractory minerals can 
tell us about physico-chemical condition of early solar 
nebula. Study of short lived (now extinct) radio nuclides 
(e.g., U-Pb, Rb-Sr, 
Sm-Nd etc.) in these phases can constrain age of solar 
system, timescales of grain formation etc. Chondrules 


and long lived radiochronometers 


are mm to sub-mm spherical silicate objects found in all 
the chondrites except CI chondrite (Fig. 4). These 
objects are flash heated to more than 1000 K many times 
before accreted into chondrites. Chondrules display a 
wide variety of textures, which can be seen in polished 
section and most likely developed due to rapid cooling 
from molten state. Chondrules are crystallized 1-2 Ma 
after the CAIs. Their abundance varies from as high as 
80% (by volume) in ordinary and enstatite chondrites to 
none in Cls. The fine grained matrix, in which the 
chondrules and CAIs are embedded after their accretion 
into the chondrites parent body, is the least thermally 
processed component in chondrites. It is assumed to have 
been condensed directly from the solar nebula. 
Chondrites also carry several presolar grains of stellar 
origin e.g., Presolar Nano-diamonds, Silicon Carbide 
(Fig 4c), Graphite, Oxides grains which are identified by 
anomalous isotopic composition of several elements. 


Fig. 4. Various Phases of chondrites are shown. A) Chondrules b) The white irregular shaped objects shown in 
the section are Calcium Aluminium Inclusions c) Presolar Silicon Carbide (SiC) 


Study of these grains can help us to understand stellar 
sources contributing to presolar cloud from which our 
solar system originated. Achondrites and Irons on the 
other hand can provide information about heat source, 
time scales for planetary differentiation. 


Sources of meteorites: Most common source of 
meteorites is the Asteroid belt where large numbers of 
small rocky bodies are revolving around the Sun in orbits 
between Mars and Jupiter. It is believed that a planet 
should have been formed between Mars and Jupiter but 
due to early gravitational dominance, Jupiter never 
allowed this planet to accrete. These small bodies from 
Asteroid belt are the main source of meteorites on the 
Earth. A few meteorites have also been reported which 
are definitely from planetary bodies like Moon (Lunar 
Meteorites) and Mars (SNC or Martian meteorites). 
Meteorites which are rich in volatile could likely to come 
from Kuiper Belt (source of short period comets) or Oort 
Cloud (source of long period comets). 


Collection of Meteorites in India: This article is 
incomplete unless we discuss something about meteorite 
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Fig. 5. Meteorite Falls in India 


collection in India. The Geological Survey India 
museum in Calcutta has a collection of 686 meteorites 
(as per available record). Some of them are really 
important ones which are well studied. The following are 
a few names: Bishunpur, Semarkona, Chainpur, Erakot, 
Kakangari, Dhajala (Chondrites); Shergotty, Dayalpur, 
Goalpara, Piplia Kalan (Achondrites). In last two 
decades India is lucky to witness relatively large number 
of meteorite falls as shown in Fig. 5. In future issues, the 
contributions from some of these meteorites to enhance 
our understanding of solar system will be discussed. 


Further Reading: 


1. Meteorites and the Early Solar System II, Dante S. Lauretta; 
Harry Y. McSween, The Univesity of Arizona Press, 
Tucson, Arizona, USA. 


Vinai K. Rai i 
Physical Research Laboratory - 
Ahmedabad = 


E-Mail: rai@ prl.res.in 
Contact: +91-(0)79-2631 4065 


TITAN; Known Facts and Unresolved Issues 


Imagine you are out on your annual vacation, lounging 
on a beach, looking over a huge lake similar in size to 
one of the Great Lakes in North America. Suddenly it 
starts raining, and you run for cover. You look up but 
something doesn’t seem right. The sky doesn’t look 
familiar, instead of being blue, it’s orange; the stuff 
falling out of the sky seems weird, it’s not water. 
Welcome to Titan, the largest moon of the planet Saturn. 
While all the sceneries described above invoke images of 
terrestrial surroundings, they are equally plausible on 
Titan as well. 


Titan is the second largest satellite in the solar system, 
and the only one known to have a dense atmosphere. It is 
about 40% of the size of the Earth, yet possesses an 
atmosphere that is about 10 times as thick as that of the 
Earth. Atmospheric pressure near Titan's surface is 
about 1.4 bars, 40% greater than Earth's. This huge 
atmospheric blanket has the same major constituent as 
Earth’s atmosphere: nitrogen. But its second most 
abundant constituent, methane, is what makes it so 
interesting. 


The presence of methane in the atmosphere leads to the 
development of unique organic chemistry. 
Photochemical reactions beginning with the destruction 
of methane in the atmosphere produce ethane as the 
primary product, followed by a host of other 
hydrocarbons including acetylene, propane and benzene. 
These reactions also produce aerosols or long chain 
molecules which settle out of the atmosphere and blanket 
the surface. The aerosols in Titan’s atmosphere are also 
responsible for the thick orange haze that envelops the 
moon and prevents us from seeing its surface at most 
wavelengths. 


Titan was first visited by the Voyager 1 and 2 
spacecrafts in 1980-81. However, due to the lack of any 
RADAR wavelength instruments that could penetrate the 
thick haze envelope, Titan was visible only as an orange, 
feature-less ball to these missions. Still, the radio 


occultation onboard the Voyager-1 


experiment 
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spacecraft helped determine Titan’s surface diameter to 
be approximately 5150km. Other useful measurements 
of the variation of temperature, pressure and density 
within Titan’s atmosphere were also recorded by the 
spacecraft’s instruments. 


More recently, Titan has been explored by the Cassini- 
Huygens mission, a joint collaboration of NASA, ESA 
and the Italian Space Agency, which was launched in 
1997 and reached the Saturnian system in 2004. The 
mission consisted of 2 main elements: The Cassini 
orbiter, which is currently orbiting Saturn and its moons; 
and the Huygens probe which landed on Titan’s surface 
in 2005. Armed with a formidable suite of 12 
instruments on the orbiter and 6 on the Huygens probe, 
this mission allowed scientists to ‘see’ Titan’s surface 
for the first time. The Cassini-Huygens mission has 
provided conclusive evidence for the modification of 
Titan’s landscape by a variety of different surface 
processes including fluvial and aeolian action, tectonics, 
impact cratering, lacustrine processes and mantling 
(fallout of solid material from the atmosphere which 
blankets the surface) (Fig. 1). 


In contrast to these familiar geomorphic features, the 
composition of Titan's surface materials is exotic by 
terrestrial standards. The crust likely has a water-ice 
composition. The surface is probably blanketed by layers 
of hydrocarbons/aerosols/tholins. Methane on Titan 
plays the same role that water plays on Earth, taking part 
in a ‘methanological cycle’ similar to the hydrological 
cycle on Earth. Being stable in all three phases at Titan’s 
surface temperature (-180°C / 94K), it is involved in the 
formation of lakes at the poles of Titan, dendritic 
channels seen in the equatorial regions and frozen 
clathrate hydrates in Titan’s interior that probably lead to 
the formation of ice-volcanoes. 


In spite of the phenomenal jump in our knowledge and 
understanding of Titan due to the Cassini-Huygens 
mission, there are still a number of unanswered 
questions. Why Titan has a dense atmosphere when other 
satellites of comparable size (for example, Ganymede 
and Callisto) do not, is not well understood. 
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Fig. 1. Titan’s diverse surface as seen from the Cassini-Huygens mission is shown in this mosaic, consisting of images 
from different instruments onboard the spacecraft. (a) As the Huygens probe descended through Titan’s atmosphere, 
its cameras beamed back images like this one, showing bright highland regions with complex dendritic features, 
draining into the flat, dark lowlands, tantalizingly pointing to the action of liquids on Titan’s surface or fluvial erosion. 
(b) The first images sent back by the Huygens probe after landing on Titan’s surface showed a dry lake bed or playa, 
with rounded cobbled stones strewn everywhere. These stones range in size from 3mm-15cm and spectral 
investigations indicate a hydrocarbon-coated, water ice composition. The rounded, smooth nature of the stones again 
hints at fluvial action. (c) Longitudinal dune fields (upto 1500kms by 200kms) have been observed in the equatorial 
regions by the RADAR instrument. The composition of the dunes is uncertain, but they are most probably some 
mixture of water ice with hydrocarbons. These longitudinal dunes are similar to terrestrial dunes in the Namib Desert 
in Africa, shown for comparison here. (d) Few impact craters have also been observed on Titan’s surface, with some 
examples from the RADAR instrument shown here. The thick atmosphere burns up any impactors smaller than a 
certain size. (e) Tectonic activity also seems to be prevalent on Titan, manifested in the form of mountain ranges 
imaged both by the RADAR and the VIMS (Visual and Infrared Mapping Spectrometer) instrument. This VIMS 
image shows a mountain range, which is 150km long and 30km wide. The peaks are topped with bright white 
material, which is possibly methane snow. (f) Putative cryovolcanic features (ice-volcanoes) like the Ganesa Macula 
have also been imaged. (g) One of the most exciting discoveries has been that of hydrocarbon (methane-ethane) lakes 
at the poles of Titan. These lakes, ranging in size from thousands of square kilometers to 1km’, have been imaged by 
the RADAR, VIMS and the ISS (Imaging Science Subsystem) instruments. This false-color RADAR image shows 
Titan’s north polar lakes, covering latitudes from 60°N-90°N, with the North Pole being at the center of the image. 
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The source of the methane in Titan’s atmosphere is 
another mystery. Photochemical calculations show that 
Titan’s atmospheric methane should have been consumed 
(converted into ethane) over a timescale of 10-100 
million years. However, methane is still the second most 
abundant constituent of Titan’s atmosphere, after 4.5 
billion years for which the solar system has existed. What 
is replenishing the methane in Titan’s atmosphere? 


The biggest surprise upon Cassini's arrival at Titan was 
the lack of ethane oceans. Scientists had expected Titan 
to be covered by a global surface ocean of ethane, 
produced from photochemical reactions over the age of 
the solar system. This large expected volume of ethane 
cannot be accounted for by the polar lakes alone. The 
question of the hidden ethane is one that begs further 
inquiry. 


The surface composition of Titan and the dominance of 
various surface processes over one another, in sculpting 
the landscape, is also a matter of current investigation. 
The localization of cloud systems at the 40°S latitude and 
at the poles has also not been explained yet. Another 
open-ended question is related to the possibility of 
formation of basic biological molecules (like amino 
acids) as a part of the organic chemistry on Titan. 


Although the Cassini mission is still active, scientists 
have already begun proposing future missions to Titan. 
Instead of sending a lander or a rover, scientists plan to 
take advantage of the dense atmosphere by sending a hot- 
air balloon, that could cover vast distances. Another 
component of such futuristic missions to Titan would be 
landers and sample acquisition devices to study the polar 
lakes. Hopefully, with the help of such missions in the 
future, we will be able to unravel more secrets of this 
enigmatic satellite. 
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Electron Probe Micro-Analyser: A Tool for 
Study of Planetary Materials 


New era of microanalysis started with the building of the 
first electron microprobe around 1948-1950 by Casting. 
Now it has become an important tool for interdisciplinary 
sciences. Electron Probe Micro Analyzer (EPMA) is a 
versatile instrument which involves non-destructive 
chemical composition analysis of any solid sample over a 


very small area. 


The basic working principle of EPMA can be divided 
into four main parts: (i) generation, acceleration and 
focusing of the electron beam (ii) beam-sample 
interaction, (iii) detection of secondary entities formed 
during beam sample interaction by using various 
detectors (as shown in Fig. 1) (iv) conversion of 
electronic signals into the qualitative or quantitative 
compositional spectra. 


EPMA (SX100- CAMECA, France) is a National 
Facility at PLANEX, PRL. It uses tungsten hairpin 
filament as an electron gun to produce electrons by 
thermionic emission. Electrons are then accelerated by 
the potential difference of 0-30 KeV (depends on sample 
properties) between anode and cathode (e gun). Electron 
beam is focused by using the electromagnetic lenses. 
This reduces the beam diameter less than 1 wm before it 
finally impinges on the sample surface. Electrons 
undergo elastic and inelastic collisions with sample and 
(BSE), 
Auger electrons, 


produce Backscattered Electrons Secondary 
Electrons (SE), X-rays, Cathodo- 
Luminescence (CL) depending upon the energy and 
angle of incident electron beam and nature of sample 
material. 


SE are detected by using Everhart-Thornley detector and 
BSE are detected by semiconductor detector. X-rays are 
detected by Gas Proportional Counter and Li drifted 
Silicon Detector. EDX (Energy Dispersive X-ray 
spectrometer) and WDX (Wavelength Dispersive X-ray 
spectrometer) are two mechanisms in EPMA to detect x- 
rays. Secondary electrons (and backscattered as well) are 
mainly used to get the surface morphology and to 
understand the features of various geological as well as 
biological samples. X-rays and Auger electrons are 
The 
information can be extracted from 


mainly used for the compositional analysis. 
compositional 
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characteristic X-rays by Wavelength Dispersion or by 
Energy Dispersion method. 


Wavelength Dispersion Spectrometer (WDS) 

On the basis of Bragg’s law, X-ray lines of any element 
can be identified and separated from each other on the 
basis of their wavelength. In this method a crystal and a 
proportional counter are used on a Rowland circle to 
detect a particular characteristic X-ray line. 

Energy Dispersion (EDS) Spectrometer 

The identification and separation of X-rays of an element 


is dependent on their characteristic energy. Generally the 
WDS method is used for quantitative analysis and the 
EDS method is used for qualitative analysis of elements. 
Applications: 


Fig.2. shows a 
backscattered electron 
image of a section of 
Sulagiri meteorite. 
Grayscale varies with 
the change in _ the 


— Wehnelt 


Electron emitter 
(W or LaBé) 


Alignment coils 


Liner tube 


Color CCD camera 


Hluminator 
Z autofocus 


~ Optical zoom 


Beam stabilizer 


Reflecting objective 


Airlock 


— Mini coil probe 
forming lens 


~~ BSE detector 


Fig.1. Schematic Diagram of EPMA 


mineral composition. By using cracks and the boundaries 
it is possible to resolve different phases, change in 
structure, surface features etc. WDS or EDS analysis of 
each phase can be used to find out the chemical 
composition of those phases. 


Elemental Distribution: 


= pa Wis aa 
Fig.3. X-ray images of Ca (a) and Mg (b) 


By rastering the beam over a selected area we can obtain 
the X-ray image for the elements of interest. From the X- 
ray images, such as the ones shown in Fig. 3 we can find 
the intensities of x-rays over each pixel on the selected 
area and get the elemental composition map of whole 
object. 


Important Results: This facility is mainly dedicated for 
geological and planetary science studies. Some of the 
recent work is mentioned here. Using the geochemical 
data, various meteorites are classified on the basis of 
their Si and Fe, Ni and Co content. Using the chemical 


Fig. 4. EPMA facility at PLANEX 


composition as well as the X-ray mapping, Al-rich and 
Fe-rich phases were identified in chondrules from 
undifferentiated ordinary meteorites for further isotopic 
study to correlate the different heat sources responsible 
for early metamorphism of planetesimals (R.K. Mishra 
et.al., APJ, (2010) 714:L217-221. ). In another study, 
Multi-shelled orbicular olivine gabbronorite with 
anorthositic rims from Leh, J&K, India have been studied 
for morphological details, preliminary mineralogy and 
petrology (Prashant Rai et al., Current Science, 97(12), 
2009). The comparative geochemical study of samples 
from local area as well Spherules from target area of 
Ramgarh have revealed that local samples are mainly 
shale and sandstone while target sample consists of 
mostly SiOz, AlsO3, FexO3 and MnO along with certain 
trace elements like Ba, Co, Zn, Ni, S, Cu and Cr in 
significant amount. Thus, on the basis of geochemical 
and petrological studies, an attempt is being made to 
show that Ramagarh structure was formed due to a 
meteoritic impact (Saumitra et al., 39" and 40" LPSC). 
In addition to these, spherules collected from Indian 
Ocean have been analysed to characterize the magnetic 
material and cosmic components (Shyam et al.). Adding 
to the diversity of studies in the lab , Aerosols collected 
from Mount Abu and Ahmedabad were analysed to find 
out variations in their composition and the size 
distribution during winter night (Das and Dipak). 
Acknowledgements: 1 thank Ms. Yogita for her valuable 
suggestions that helped in improving this article. 
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Alpha Particle X-Ray Spectrometer on 
Chandrayaan-2 Rover for Surface Chemical 
Composition 

Introduction: Moon samples from Apollo and Luna 
missions have given us the first hand information on the 
chemical, mineral and chronological information about the 
Moon and led to the derivation of the average bulk 
composition and the evolution of the Moon. While Apollo 
/ Luna samples represented samples from only equatorial 
region of Moon, lunar meteorites, ejected from random 
locations on Moon offered additional samples for study. 
Significant compositional differences between lunar 
meteorites and Apollo/Luna samples highlighted the need 
for obtaining chemical composition of more samples from 
other known locations of Moon in general and the polar 
regions in particular, in view of the importance of the 
South Pole Aitken (SPA) basin, representing one of the 
largest craters in the solar system, to better understand the 
compositional diversity. While orbiters provided a global 
coverage with a coarse resolution, in situ chemical 
composition determination along the traverse of a rover 
will offer the best way to address this aspect, until the 
resumption of sample return missions to Moon. 


Fig. 1. Schematic representation of the rover and various 
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Alpha Particle X-ray Spectrometer (APXS) is a well 
proven instrument for in situ quantitative elemental 
analysis of planetary surfaces. Mars pathfinder rover 
Sojourner has first carried an APXS instrument and 
provided the first in situ composition data on Mars 
samples. Subsequently, the twin Mars exploration rovers 
Spirit and Opportunity have carried improved APXS 
instruments onboard and _ provided elemental 
composition for many surface samples. Another mars 
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Fig. 2. APXS sensor head 


Alpha 
source 


SDD 


rover (MSL) slated for launch in 2011, also has the most 
sensitive APXS on board. Though alpha scattering has 
been employed on the Surveyor missions on Moon 
during 1960s, APXS has not been attempted so far on 
the lunar surface. Here we present the objectives and 
status of APXS, selected for ISRO’s Chandrayaan-2 
rover, slated for launch in 2013. 


Though lack of atmosphere on Moon offers an 
advantage in terms of the attenuation of Alphas and X- 
rays, the fluffy regolith and temperature extremes offer 
new challenges for the operation of APXS on lunar 
rovers. The landing site of Chandrayaan-2 is likely to be 
south polar sunlit region, where the temperature 
excursions are expected to be in the range of -30°C to - 
190°C (day/night), though the exact location is yet to be 
finalized. The detector head needs to be kept away from 
touching the regolith dust 
contaminating the detector, necessitating a robotic arm 
to maneuver it. The schematic diagram of the rover, with 
APXS on the robotic arm is shown in Fig.1. 


surface to prevent 


Working Principle of APXS and objective: APXS 
involves the measurement of characteristic X-rays 
emitted from the sample due to a particle induced X-ray 
emission (PIXE) and X-ray florescence (XRF) processes. 
The schematic arrangement of the alpha (and X-ray) 
sources and the X-ray detector is shown in Fig. 2. The 
“Cm source, with a half life of 18.1 years emits Alpha 
particles and two X-rays with energies of 5.8 MeV and 
14.1 keV, 18 keV respectively. PIXE is dominant for low 
Z elements while XRF is more prominent for high Z 


elements, allowing the determination of elements from 
Na to Br, spanning the energy range of 0.9 to 16 keV (see 
Fig. 3). The activity of each alpha source is ~5 + 25% 
mCi and the total activity of the six alpha sources is 
about 30 mCi. Each source is of 8mm circular disc and 
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<lmm thickness, with 6mm active spot at the center. 
These sources are coated on Si substrate and are sealed 
with 3 micron thick, light weight Ti foil. The source 
configuration is similar to flight sources used on Mars 
Exploration Rover missions. 


m response [cts/s] 
per weight percent 


sensitivity 


10 15 20 25 30 35 40 
element Z 


Fig. 3. Sensitivity of X-ray production by PIXE and XRF, as 
a Function of Z. 


X-ray detector: From several possible X-ray detectors, 
we chose Silicon Drift Detector (SDD), with proven 
credentials in the APXS on Mars rovers. SDD makes it 
possible to detect X-ray emissions from planetary 
surfaces with an energy resolution of ~150 eV at 5.9 keV 
in the energy region | to 16 keV. This will be carried out 
by placing the sensor head close to the sample, powering 
on the instrument, and commanding it to acquire the 
spectra. 


The APXS Instrument: APXS instrument consists of 
two packages namely APXS sensor head and APXS 
backend electronics. APXS sensor head will be mounted 
on a robotic arm. On command, the robotic arm brings 
the sensor head close to the lunar surface (without 
touching it) and after the measurement, the sensor head is 
taken back to the parking position. APXS sensor head 
assembly contains SDD, six alpha sources and front end 
electronic circuits such as charge sensitive preamplifier 
(CSPA), shaper and filter circuits associated with the 
detector. Sensor head contains a circular disc which holds 
6 alpha sources symmetrically around the disc and the 
detector at the centre, as shown in Fig. 2. SDD to be used 
in the experiment will have ~20 mm’ active area detector 
module. This detector module contains in-built peltier 
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cooler and heat sink to maintain the detector at ~ -30°C 
by providing required power and dissipating the heat by 
means of additional heat dissipation mechanism. The 
front face of the detector module is covered with 8 
micron thick Be window to protect the detector from 
contamination. The threshold energy of the detector 
module due to the Be window is about lkeV. APXS 
sensor head also carries an electro mechanical door to 
protect the source and detector from lunar dust 
contamination. APXS backend electronics consists of 
PCBs for digital, power and rover interface electronics 
circuits, which are housed inside the Warm Electronics 
Box (WEB). WEB will be part of the rover where the 
sub-system temperatures are maintained at certain safe 
range. 
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Fig. 4. Spectral response obtained using three X-ray 
sources (Fe, 7Am and 'Cd). The peak energy [keV] 
and the FWHM [eV] are indicated 


The CSPA has been designed with “Reset” type and 
shaper with shaping time constant of 2s. Peltier 
controller has been designed with PWM technique and it 
allows the required current through the peltier to get 
desirable AT. It has been tested with stability of < 1°C, 
achieved within a minute from power on. The laboratory 
model of APXS is ready and its working has been 
demonstrated by assessing the energy resolution of ~150 
eV at 5.9 keV (Fig.4) and by qualitative detection of 
elements in the spectrum obtained from Allende meteorite 
sample, irradiated by *'Am source (Fig. 5). 
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Fig. 5. Spectral response obtained from Allende 
sample with “Am source. The peaks and 
corresponding elements are indicated 
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Comets are one of the tantalizing objects in the solar 
system and STARDUST is the first mission designed 
solely to study such comets. In 2004, the Discovery 
mission Stardust successfully explored the nucleus of 
Comet Wild 2, flying within 236 kilometers of the comet 
while taking photographs at a close range of 251 
kilometers of its nucleus for data comparison and return 
particles from that comet to Earth for further analysis. 


Stardust NExT craft 


Another comet bound mission, Deep Impact, consisted of 
a flyby spacecraft and an impactor. In July 2005, the 
impactor was released into the path of Comet Tempel 1 
in a planned collision, which vaporized the impactor and 
ejected massive amounts of fine, powdery materials from 
beneath the comet’s surface. En route to impact, the 
impactor’s camera imaged the comet in increasing detail. 
Two cameras and a spectrometer recorded the dramatic 
excavation that revealed the interior composition and 
structure of the nucleus. 


Stardust NExT, the next phase of stardust mission was 
designed to flyby the comet “Temple 1’ at an altitude of 
200 Km on 14" February 2011 to assess the changes in 
the surface of comet between two perihelion passages to 
get the new information that how Jupiter Family (JF) 
comets evolved and how they were put together at their 
formation 4.6 billion years ago. This was the first ever 
follow up mission to a comet. It had following 
instruments onboard. 
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1. Comet Interstellar Dust Analyzer (CIDA): A mass 
spectrometer which was used to determine the size of 
ions by comparing their flight times. 

2. Dust Flux Monitor Instrument (DFMI): A highly 
sensitive instrument designed to detect particles as small 
as a few microns and provide cumulative and differential 
fluxes over the particle mass range 1 x 10'' g to 2 x 10° 
g, as well as cumulative flux for particles with mass >2 x 
10% g. 

3. Stardust Navigation Camera (NC): It was used to 
optically navigate the Stardust NExT upon approach to 
the comet and to achieve proper flyby distance, near 
enough to the nucleus to collect dust. It was also used to 
serve as an imaging camera to collect science data, to 
construct 3D map of nucleus for better understanding of 
its origin, morphology and to get information on gas 
composition, gas and dust dynamics and mineralogical 
irregularities. 


On Feb. 14, 2011 at 11.40 PM EST (08.40 PM PST), the 
Stardust NExT spacecraft made its closest approach to 
comet Templel at a distance of approx. 178 Km (111 
miles) and took 72 high resolution images of Temple1. It 
accumulated 468 Kilobytes of data of dust in coma. The 
Stardust-NExT mission met its goals, which included 
observing surface features that changed in areas 
previously seen during the 2005 Deep Impact mission; 
imaging new terrain; and viewing the crater generated 
when the 2005 mission propelled an impactor at the 
comet. 


The mission utilized its last drop of fuel and NASA 
ended the mission on 24" March 2011. It was the first 
mission to document surface changes on a comet’s 
nucleus between successive perihelion passages. It was 
also the first mission to measure dust properties of two 
separate comets. 


Dawn ready for rendezvous with Vesta 


NASA’s DAWN spacecraft woke up after a hibernation 
of about six months. The spacecraft switched on and 
reactivated its onboard instruments as a preparation for 
May approach and July arrival at Vesta. During the 
approaching phase, the images provided by the camera 
system will not only be used for navigation and surface 
observation purposes but would also helps to 
systematically map Vesta’s surface in greater detail and 
look for evidence of past volcanic activity. 


Hinode looks into a Hole on the Sun 


Japanese mission, Hinode, took breathtaking image of a 
coronal hole on February 1, 2011. Hinode is meant for 
studying the Sun to improve our understanding of the 
mechanisms that power the solar atmosphere and drive 
solar eruptions. 


Kepler back to Science operations 


NASA’s Kepler spacecraft returns back to its science 
operations after a safe mode event on March 14, 2011, 
due to an anomaly that occurred because of a reset 
command sent to the network interface card (NIC). 
During the reset, the NIC sent invalid reaction wheel data 
to the flight software, which caused the spacecraft to 


enter safe mode. 
LRO releases final set of data of its exploration phase 


On 15 March, 2011, NASA's Lunar Reconnaissance 
Orbiter (LRO) team released the fifth and final set of data 
from the mission's exploration phase. The spacecraft's 
seven instruments delivered more than 192 terabytes of 
data with an unprecedented level of detail comprising of 
striking new images, maps and mosaics of lunar surface. 


Hopes for reviving MER-Spirit dimmed 


Hopes for reviving NASA's Spirit Mars rover dimmed 
further as the rover failed to respond even after receiving 
the maximum sunshine for the Martian year. Spirit has 
not communicated since March 22, 2010. However, 
attempts to regain contact have continued for more than 
eight months in the possibility that the seasonal increase 
in solar energy available at Spirit's location would revive 
the rover. 
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MRO celebrates fifth anniversary 


NASA's Mars Reconnaissance Orbiter has completed its 
fifth anniversary orbiting the red planet on 10 March, 
2011. MRO has significantly expanded our knowledge of 
the Red Planet and is now working in its extended 
mission phase. 


Work Stopped on Curiosity’s Zoom-Lens camera 


Work has stopped on an alternative version of the 
Mastcam, with a pair of zoom-lens cameras, because of 
shortage of time to test and confidently upgrade the 
existing cameras. Although, Mastcam which is already 
integrated with the rover is capable of meeting the 
mission’s science goals, the possibility for zoom-camera 
upgrade would have provided additional capabilities for 
improved three-dimensional video. 


Curiosity faces Martian Environment 


The MSL rover Curiosity undergoes tests at a space- 
simulation chamber at NASA's Jet Propulsion 
Laboratory. The rover will be subjected to various 
sequences of environmental conditions resembling Mars 
surface conditions. 


MESSENGER begins historic orbit around Mercury 


On 17 March 2011, NASA’s MErcury Surface, Space 
ENvironment, GEochemistry, and Ranging 
(MESSENGER) spacecraft successfully achieved orbit 
around Mercury. MESSENGER, carrying seven science 
instruments and fortified against the blistering environs 
near the Sun — is the first mission to orbit the innermost 
planet. 


Voyager celebrates 25 years since Uranus visit 


NASA’s Voyager spacecraft has completed 25 years of 
its closest approach of our seventh planet Uranus. 
Voyager 2 made its closest approach — within 81,500 
kilometers of Uranus on Jan. 24, 1986. 


IKAROS regular operations completed 


The Small Solar Power Sail Demonstrator “IKAROS” 
has completed its regular operations. IKAROS has been 
in its regular operation phase for about six months to 
verify navigation by the world’s first solar sail device and 
power generation by the thin-film solar battery. 
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Ee 3-7 January, 2011 
Physical Research Laboratory , Ahmedabad - 380 


> 11" PLANEX Workshop 


The 11" PLANEX workshop on ‘Exploration of Mars and Moon’ was organized during Jan. 3-7, 2011 at 
Physical Research Laboratory, Ahmedabad. About 40 participants from various parts of the country have 
participated in the workshop. The above photograph shows the release of the first issue of PLANEX 
Newsletter by Dr. George Joseph and Prof. J.N. Goswami on Jan. 3, 2011 during the Workshop. 


Brainstorming Session on Mars Science and Exploration: 


A brainstorming session on Mars Science and Exploration was held at PRL, during March 24-25, 2011, as 
a preparatory step for Mars exploration plans of ISRO. About 125 participants from various institutions, 
universities and ISRO centres have participated in the session. There were 12 invited presentations by 
experts in various fields and 28 oral presentations. 48 posters were also displayed during the meeting. This 
meeting was held in 6 sessions. The posters were organized in four themes viz. Laboratory studies of 
Analogues, Atmospheric studies through remote sensing, Surface studies through remote sensing, 
Payloads for Mars Mission. 


PLANEX Projects Review Meeting : 


The PLANEX projects review meeting, an annual event, was held in PRL, Ahmedabad during March 26- 
27, 2011. A total of 16 PIs presented the progress of their projects. 


National workshop on Lunar Geoscience using Chandrayaan-1 data: 


A two day ‘National Workshop on Lunar Geoscience using Chandrayaan-1 data’ was organized during 
March 30-31, 2011 by Space Applications Centre (ISRO), Ahmedabad. The workshop has provided an 
opportunity to share and exchange the results/findings as well as experience of working with 
Chandrayaan-1 data, among the growing Lunar science community of the country. 
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> A. Bhattacharya, K. Durga Prasad and S.V.S. Murty have received the best poster award for their 
paper entitled “ Development and Evaluation of a light sensing module for Planetary Exploration” at 
Symposium on Advanced Measurement Techniques and Instrumentation (SAMTI-2011) held at 
BARC, Mumbai during 2-4 February 2011. 


> Mr. M. Shanmugam has received LPI Career Development Award for attending XLII Lunar and 
Planetary Science Conference held during 7-11 March, 2011 at Woodlands, Texas, United States. 


The NASA Lunar Science Institute announces the 4" annual NASA Lunar Science Forum, to be held during 
July 19-21, 2011 at NASA Ames Research,Center in Moffett Field, CA. Registration open until June 30, 
2011. For more details, visit: http:/Aunarscience2011.arc.nasa.gov 


The 74" Annual meeting of Meteoritical Society is going to be held during Aug. 8-12, 2011 in London, U.K. 


The deadline for submission of abstract is May 24, 2011. For more details, visit: http://www.metsoc2011.org 


Goldschmidt 2011 is going to be held during Aug. 14-19, 2011 in Prague, Czech Republic. The deadline for 
submission of abstract is April 15, 2011. For more details, visit: http://www.goldschmidt2011.org 


A 12 week training programme on Remote Sensing & GIS — Technology and Applications will be held at 
National Remote Sensing Centre , Balanagar, Andhra Pradesh from June 6, 2011 to Aug. 26, 2011. The last 
date to apply is May 6, 2011. 


A four week training programme on introduction to GIS & Applications will be held at national remote 
sensing centre, Balanagar, Andhra Pradesh from Sep. 5-— Sep. 30, 2011. The last date of application is Aug. 
5, 2011. 


For more details visit http://www.nrsc.gov.in/trg/Training @NRSC.htm 


Different M. Sc., M. tech, post graduate diploma courses and theme specific orientation course on different 
field will be conducted by Indian Institute of Remote Sensing, Dehradun, India. For more information about 
qualification criteria, last date of apply, course fees, course duration etc visit http://www.iirs- 


nrsa.gov.in/UserFiles/File/2011COURSE CALENDAR _Updated.pdf 


Indian Institute of Science, Bangalore invites applications for admission to the following (i) Research 
Programme [Ph D/ M Sc (Engg)] (ii) Course Programme [ME /M Tech/M Des/ M.Mgt] (iii) Integrated Ph D 
Programme and (iv) External Registration Programme (Ph D only) at Indian Institute of Science, Bangalore, 
India . Last date of application July 31, 2011. Complete eligibility criteria, specialization, areas of research 
and the other details are available at http://www.iisc.ernet.in/admissions 
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The following members have joined PLANEX family during last year 
Mr. Aditya Bhattacharya — Project Associate 

Mr. Diganta Kumar — Project Associate 

Ms. Prajkta Mane — Project Associate 

Mr. Ranjit Kumar — Project Associate 

Ms. Nita Sebastian — Project Associate 

Ms. Bhumi H. Shah - Project Engineer 

Mr. Shaik Ejazuddin — Project Associate 

Ms. Krishna Veni — Project Engineer 


. Arpit R. Patel — Project Engineer 

. Kusuma K.N. — Post Doctoral Fellow 

. Arivazhagan S.V.— Post Doctoral Fellow 

The following members have left PLANEX during last year 


Mr. K.M. Purabia — Safaiwala-C (Superannuated) 
Ms. Krishna Veni — Project Engineer 
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Dr. Vainu Bappu 
(August 10, 1927 — August 19, 1982) 


Dr. Manali Kallat Vainu Bappu, an Indian Astronomer and former president of prestigious 
International Astronomical Union, formulated ambitious plans for the growth of 
Astronomy in India. He helped in establishing several astronomical institutions in India - 
including the Vainu Bappu Observatory (named after him) and contributed to the establishment of modern 
Indian Institute of Astrophysics. 


Dr. Vainu Bappu was the only child of Manali Kukuzhi and Sunanna Bappu. His father being an 
Astronomer at Nizamiah Observatory in Andhra-Pradesh, Bappu was exposed to astronomy right from his 
childhood which later became his passion. Vainu Bappu was a prominent Indian astronomer who 
constructed the base for Indian astronomical research with significant discoveries to his name. 


Right from childhood, Bappu was a bright student; he received post graduate degree from university of 
Madras and got scholarship for Ph.D. in Harvard University. Bappu along with two of his colleagues Bart 
Bok and Gordon Newkirk discovered the ‘Bappu-Bok-Newkirk’ comet. He was awarded the Donhoe 
Comet-Medal by the Astronomical Society of Pacific in 1949. After completing his Ph.D. in 1952 he got the 
prestigious Carnegie fellowship and joined the Palomar Observatory. During his days in Palomar with Colin 
Wilson he discovered a relationship between the luminosity of particular kind of stars and some of their 
spectral characteristics. This important observation came to be known as the ‘Wilson-Bappu effect’. 


On his return to India, Bappu headed a team of astronomers to build an observatory at Nainital. His effort of 
building an indigenous large optical telescopes and a research laboratory led to the foundation of an optical 
observatory at Kavalur (Tamil Nadu) with 2.3 meter telescope, inaugurated in 1986 by the former Prime 
Minister Mr. Rajiv Gandhi who named the observatory, and its large telescope after Bappu. The ‘Vainu 
Bappu Observatory’ is one of the main observatories of Indian Institute of Astrophysics. 


Dr. Vainu Bappu, the main architect of the revival of astronomical studies in India passed away on August 
19, 1982. He left several indelible marks in the course of history of Astronomy. He had interests in painting, 
music and literature to gardening and architecture. Being a wonderful speaker, he could hold an audience 
entranced with his lectures. In his charming way he always managed to combine reserve with his innate 
friendliness and generosity. 
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